v 


Technical Paper 197 


UNIVERS! LIBRARY 
ARTMENT OF THE INTERIOR 
NOV 6 191% FRANKLIN K. LANE, SECRETARY 
BUREAU OF MINES 
PRINCETON ‘VI VAN. H. MANNING, Dmector 


USE OF THE HYDROGEN-VOLATILE-MATTER 
RATIO. IN OBTAINING THE NET HEATING VALUE 
OF AMERICAN COALS 


BY 


A. C. FIELDNER anp W. A. SELVIG 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1918 


Google 


The Bureau of Mines, in carrying out one of the provisions of its organic act—to 
disseminate information concerning investigations made—prints a limited free edition 
of each of its publications. 

When this edition is exhausted, copies may be obtained at cost price only through 
the Superintendent of Documents, Government Printing Office, Washington, D. C. 

The Superintendent of Documents is not an official of the Bureau of Mines. His 
is an entirely separate office and he should be addressed: 


SUPERINTENDENT OF DocUMENTS, 
Government Printing O fice, 
Washington, D. C. 


The general law under which publications are distributed prohibits the giving 
of more than one copy of a publication to one person. The price of this publication 
is 5 cents. 


First edition, September, 1918. 


Google 


CONTENTS. 


Correction of latent heat of vaporization in comparing fuels of widely different 
Hydrogen CONCENG. 66)... gees Bow sae ove eston HF alctedda de suleiela pa eaitctted dala te 
Estimation of hydrogen from volatile matter..................-2....2-.-------- 
Constructing the curves showing hydrogen and volatile matter ratios.........-. 
Increase of moisture and ash free calorific value with the rank of the coal. .... 
Classification of coal and lignite according to moisture and ash free calorific 
VELUGW 3, ont2a.ce acals cide des seb ap haccame cc gasaeamunduehieeis acces bec 
Use of the curves for estimating hydrogen..............-2-.--2-0----00++--- 
Probable error in computed hydrogen value............-.--+--2---++--+- 
Ronclusions::23:s ssase3 sce aes y5tssede ta Ss aeibedeectasodes gran ceeuraiet O34 
Publications on the composition of coal................222----20----2-22022 
Publications available for free distribution.....................--2-2.---- 
Publications that may be obtained only through the Superintendent of 
Documents? £5. <<... sesecdcess sees et wenn S28 Ge ew eesser geese sa siee 


ILLUSTRATIONS. 


Ficure 1. Point showing relation between average percentages of hydrogen 
and volatile matter of coals and lignites having calorific values of 
less than 12,000 B. t. u., moisture, and ash free.............-.. 

2. Curves showing relation between the percentages of hydrogen and 
volatile matter of coals and lignites having calorific values of 
12,000 to 12,499 B. t. u., inclusive, moisture, and ash free... ... 
3. Curve showing relation between the percentages of hydrogen and 
volatile matter of coals and lignites having calorific values of 
12,500 to 14,499 B. t. u., inclusive, moisture, and ash free...... 
4. Curve showing relation between the percentages of hydrogen and 
volatile matter of coals having calorific values of 14,500 B. t. u. 
and higher, moisture and ash free................-2.-------0- 
63649°—18 3 


» Google 


NN QO 


USE OF THE HYDROGEN-VOLATILE-MATTER RATIO IN OBTAIN- 
ING THE NET HEATING VALUE OF AMERICAN COALS. 


By A. C. Fretpner and W. A. Setvia. 


INTRODUCTION. . 


DEFINITION OF ‘‘TOTAL” AND ‘‘NET” HEAT OF COMBUSTION. 


The standard methods of analyzing coal as given by the American 
Society for Testing Materials * state that ‘‘the results of determina- 
tions of caloric power shall be stated either as ‘total’ heat of com- 
bustion or ‘net’ heat of combustion.” Total heat of combustion is 
defined as the direct result obtained in the bomb calorimeter with the 
water vapor in the products of combustion condensed to liquid water 
at the temperature of the calorimeter—that is, from 20 to 30° C. 

Net heat of combustion at 20° C. is defined as the heat developed 
on complete combustion of a unit weight of fuel with the water in the 
products of combustion passing off as vapor at 20° C., and is calculated 
as follows: 


Net heat of combustion in calories= 


total heat of combustion—P™ ee 
Net heat of combustion in B. t. u.= 


total heat of combustion—P&t cent HX9X1,040 


CORRECTION OF LATENT HEAT OF VAPORIZATION IN COMPARING 
FUELS OF WIDELY DIFFERENT HYDROGEN CONTENT. 


In American practice it is customary to report the calorific values of 
liquid and solid fuels in terms of the total heat of combustion, and as 
the determinatio » of net heat of combustion involves a hydrogen as 
well as a calorimetric determination, fuels are usually compared on 
the basis of total heat of combustion, even though the latent heat 
of the water vapor is never utilized under commercial conditions. 
Ordinarily in buying coal on a heat-unit basis the competing coals 
have practically the same hydrogen content and therefore the cor- 
rection for the amount of heat lost in the water vapor does not vary 
much. At times, however, fuels of widely different hydrogen content 
as, for example, bituminous coal and anthracite or petroleum and 
Seek es Fa ea 5 cee ed a ee ete eG ee Pee Oe ee a 


@ Yearbook for 1915, Am. Soc. Test. Mat., p. 624. 
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6 HYDROGEN-VOLATILE RATIO OF COALS. 


coke, have to be compared. The hydrogen content and total and 
net heat of combustion of these fuels are as follows: 


Hydrogen content and heat of combustion of four fuels. 


Total Heat lost 

Net heat 
Hydro- | heat of in water 

Kind of fuel. of com- 
gen. sa bustion. | V8Por = 


Percent.| B.t.u. | B.t.u. | Percent. 
5.18 13, if 


560 13,075 3.6 

2. 50 12,780 12, 545 1.8 
12.75 18, 540 17,345 6.4 
30 12, 500 12,470 0.2 


Obviously a comparison of coke and petroleum on the basis of 
total heats of combustion would be unfair to the coke; practically 
all of its heat is available, whereas 6.4 per cent of the total heat of the 
petroleum remains in uncondensed water vapor. 


ESTIMATION OF HYDROGEN FROM VOLATILE MATTER. 


Probably the net heat of combustion would be used in fuel calcula- 
tions more often if the hydrogen content could be estimated without 
an expensive ultimate analysis; and, as 1 per cent hydrogen corre- 
sponds to a correction of only 94 B. t. u. it seems probable that the 
hydrogen in coal can be estimated accurately enough from the per- 
centage of volatilematter. The lowest percentage of hydrogen is found 
in anthracites which contain 3 to 10 per cent volatile matter; the higher 
percentages of hydrogen are found in lignites and coals, especially 
cannel coals, which produce large percentages of volatile matter. 

A comparison of the analyses of coals of various ranks shows a 
rough relation between the increase of hydrogen and that of volatile 
matter. The obvious method of determining this relation and the 
deviation that may be expected in individual samples is to plot the 
values for hydrogen and volatile matter for a large number of 
coals of various rank, and then note whether a smooth curve can be 
drawn through these points. The deviation of these points from the 
curve will show the probable error for hydrogen values calculated 
from the volatile matter. The first use of this method of estimating 
the percentage of hydrogen in coal from the percentage of volatile 
matter was in 1908 by Marks. He constructed a hydrogen-volatile 
matter curve from 240 ultimate analyses of different coals tested at 
the Government fuel testing plant at St. Louis. 

The curves given in this paper have been determined in a similar 
manner from 2,000 ultimate analyses’ made by the Bureau of 
Mines of coals from various parts of the United States. 


@ Marks, L. 8., The ultimate analysis of coal; Power, vol. 29, 1908, pp. 928-931. 

6 Lord, N. W., and others, Analyses of coals in the United States, July 1, 1904, to June 30, 1910, Bull. 
22, Bureau of Mines, 1913, 1129 pp.; Fieldner, A. C., and others, Analyses of mine and car samples of coal 
collected in the fiscal years 1911 to 1913, Bull. 85, Bureau of Mines, 1914, 444 pp. 
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MOISTURE AND ASH FREE CALORIFIC VALUE. 7 


CONSTRUCTING THE CURVES SHOWING RATIO OF HYDROGEN TO 
VOLATILE MATTER. 


As the moisture content and ash content of a given type of coal 
are to some degree accidental and variable, all the analyses used in 
establishing the curves were computed to a moisture and ash free 
basis, thus obtaining the approximate percentages of volatile matter 
and hydrogen in the actual coal substance. These values for some 
2,000 coals and lignites from practically all parts of the United 
States were tentatively plotted on a single sheet. An inspection of 
the grouping of the points obtained for the ratio of hydrogen to 
volatile matter suggested that curves might be obtained showing 
somewhat less deviation of extreme points if the analyses were sub- 
divided into several groups according to the calorific value on the 
moisture and ash free basis; this would further subdivide those coals 
and lignites having different ratios of hydrogen to volatile matter. 


INCREASE OF MOISTURE AND ASH FREE CALORIFIC VALUE WITH 
THE RANK OF THE COAL. 


White? has shown that the rank or grade of a coal increases as the 
percentage of oxygen decreases, and it can likewise be shown that 
the moisture and ash free calorific value of lignite and bituminous 
coal increases with the rank of the coal, In the 2,000 analyses used 
for constructing the curves given herein it was found that the moisture 
and ash free calorific value varied from about 10,000 B. t. u. for low 
rank and somewhat weathered lignite to about 16,000 B. t. u. for 
the best semibituminous coal, such as Pocahontas and New River. 
Between these extremes are the various coals and lignites having 
moisture and ash free calorific values substantially as follows: 


Calorific values of moisture and ash free coals. 
Calorific value, 


B.tou. 

Weathered lignite and subbituminous coal.............. Ee utcaghes 9, 400 to 12, 000 
Unweathered lignite and subbituminous coal. ..........-....--.-- 12, 000 to 13, 800 
Low-rank western bituminous coal, verging on subbituminous. . . -. 13, 300 to 14, 000 
High-moisture bituminous coal, such as occurs in Indiana, IIlinois, 

Missouri, Washington, and other Western States...............-.- 14, 000 to 14, 800 
Medium-rank bituminous coal, such as occurs in Ohio, Tennessee, 

Kentucky, Illinois, and some of the Western States.............. 14, 300 to 15, 000 
High-rank bituminous coal, such as occurs in Pennsylvania, West 

Virginia, and Kentucky»... <<< 2s.0c60 csecscdecneceesecesdecaees 14, 800 to 15, 700 
Semianthracite and semibituminous coal. ................-2.----- 15, 300 to 16, 000 
Best semibituminous coal, such as the Pocahontas and New River 

Ol West Vor tora oa sisiea ae narecraak ates Os Jae eS ews toes RES ee 15, 500 to 15, 900 
Ati rac te: Lato sae eects Sema ede ba eee ele aBnal neces 14, 800 to 15, 500 


a White, David, The effect of oxygen in coal; U.S. Geol. Survey Bull. 382, 1909, 74 pp.; Bull, 29, Burean 
of Mines, 1911, 80 pp. 
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8 HYDROGEN-VOLATILE RATIO OF COALS. 


CLASSIFICATION OF COAL AND LIGNITE ACCORDING TO MOISTURE 
AND ASH FREE CALORIFIC VALUE. 


In order to determine the proper number of subdivisions, accord- 
ing to moisture and ash free calorific value, for plotting the hydrogen 


and volatile matter 
curves, an arbitrary di- 


vision was made for each 
increase of 500 B. t. u. 
In this manner the 2,000 
‘analyses were plotted in 


nine divisions and the 
curve for hydrogen and 
volatile matter was 


drawn for each division. 


VOLATILE MATTER,PER CENT 


Comparison of the re- 
sulting curves showed 


HYDROGEN, PER CENT 


Figure 1.—Point showing relation of average percentages of 


that these nine divisions 
could be combined into 
four divisions ‘ without 
increasing materially the 


hydrogen and volatile matter of coals and lignites having calo- deviation of the individ- 
rific values of less than 12,000 B. t. u., moisture and ash free. ual points from the aver- 


age curves. These four divisions are given in figures 1 to 4, inclusive, 


In figure 1 an average value, 
indicated by a cross, was made 
for the hydrogen content and the 
volatile matter content for all of 
the coals in this division. For 
the curves shown in figures 2, 3, 
and 4, the coals were grouped for 
each whole per cent of volatile mat- 
ter, and average values for hydro- 
gen and volatile matter were made 
for each group. These average 
values, indicated by cross ,marks, 
were used in plotting the curves. 

Figure 1 includes all analyses in 
which the moisture and ash free 
calorific values are less than 12,000 
B. t. u.; figure 2 includes calo- 
rific values between 12,000 and 
12,499 B. t. u.; figure 3 includes 
calorific values between 12,500 and 


4 5 
HYDROGEN, PER CENT 
FiGuRE 2.—Curve showing relation between the 
percentages of hydrogen and volatile matter 
of coals and lignites having calorific values of 
12,000 to 12,499 B. t. u., inclusive, moisture 
and ash free. 


14,499 B. t. u.; and figure 4 includes all calorific values above 14,499 
B.t.u. Each point in figures 1 and 2 represents a single analysis. 
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USE OF THE CURVES FOR ESTIMATING HYDROGEN. 9 


In figures 3 and 4 it was not possible to show the large number of 
available analyses by individual points in the more densely dotted 
regions near the curve; however, all the analyses that did not fall in 
this region are represented by individual points, so that the maxi- 
mum deviations from the curves are clearly represented. 


$s 
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VOLATILE MATTER,PER CENT 
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0 1 2 3 4 5 6 7 
HYDROGEN, PER CENT 


Fiauze3.—Curve showing relation between the percentages of hydrogen and volatile matter of coals and 
lignites having calorific values of 12,500 to 14,499 B. t. u., inclusive, moisture and ash free. 
USE OF THE CURVES FOR ESTIMATING HYDROGEN. 


The approximate percentage of hydrogen in any coal or lignite 
may be estimated from the proximate analysis and calorimetric 
determination in the following manner: 

(1) Compute the moisture and ash free B. t. u. and volatile matter 
by the following formulas: 

B.t.u.X Ba = 
100 —(per cent moisture+ per cent ash) 
moisture and ash free B. t. u. 
Per cent volatile matter x ;|,-§——-— -_— ae —__——_ = 
100 —(per cent moisture+ per cent ash) 
moisture and ash free volatile matter. 


(2) Refer to the appropriate curve for the B. t. u. obtained, and 
read the percentage of hydrogen corresponding to the given moisture 
and ash free volatile matter. 
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10 HYDROGEN-VOLATILE RATIO OF COALS. 


(3) Compute the moisture and ash-free hydrogen so obtained to 
the condition in which the remainder of the analysis is stated by the 
following formula: 


Per cent moisture and ash free hydrogen X 
100—(per cent moisture+per cent ash) _ 
100 = 
per cent hydrogen in coal as received. 


PROBABLE ERROR IN COMPUTED HYDROGEN VALUE. 


The probable error of the result calculated from the amount of 
volatile matter varies somewhat in the different groups, as may be 


VOLATILE MATTER, PER CENT 


| 
| | i] 
0 1 2 8 4 5 6 7 
HYDROGEN, PER CENT 
FiGuRE 4.—Curve showing relation between the percentages of hydrogen and volatile matter of coals 
having calorific values of 14,500 B. t. u. and higher, moisture and ash free. 


seen from an inspection of the four curves. Figure 1, which repre- 
sents lignites and subbituminous coals that may have been altered 
by weathering, shows little relation between the percentages of 
hydrogen and volatile matter. The deviation of the points from the 
average point with respect to hydrogen will in most instances be 
within + 1 per cent. 

Figure 2 shows a fairly close relation between hydrogen and 
volatile matter, there being only four analyses in this group in which 
the hydrogen content deviates more than 0.8 per cent from the 
curve. 
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CONCLUSIONS. 11 


Figure 3 represents 700 analyses, of which only 20 deviate from 
the curve by more than 0.6 per cent hydrogen. 

Figure 4 represents 1,200 analyses, of which only 10 deviate from 
the curve by more than 0.6 per cent hydrogen. 


CONCLUSIONS. 


By the use of curves constructed from 2,000 analyses the hydrogen 
content of bituminous coal, semibituminous coal, and anthracite may 
be estimated from the volatile matter to within 0.6 per cent. For 
subbituminous coal and lignite the limits of deviation should be 
extended to 0.8 per cent, and if the coals are weathered the error 
may approach 1 per cent. The corresponding errors produced in 
the reduction of ‘‘total” to ‘‘net” heat of combustion are shown in 
the computations below, the values obtained being the errors in net 
heat of combustion through the errors in computed hydrogen: 

10409 X0.6 


—j00 98 B. t.u. 


1040 X9X0.8 _ 


100 75 B.t.u. 


1040*9X1.0 


100 =94 B.t.u. 


In most coals the error in the net heat of combustion calculated 


in the above manner will not exceed 0.5 per cent, which is no larger 
than the errors incurred in sampling coal. 


Google 


PUBLICATIONS ON THE COMPOSITION OF COAL. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until the 
edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial interest 
to them. Requests for publications should be addressed to the 
Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications avail- 
able for free distribution as well as those obtainable only from the 
Superintendent of Documents, Government Printing Office, on pay- 
ment of the price of printing. Interested persons should apply to the 
Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


BuLvetin 28. Experimental work conducted in the chemical laboratory of the 
United States fuel-testing plant at St. Louis, Mo., January 1, 1905, to July 31, 1906, 
by N. W. Lord. 51 pp. 

Butvetin 85. Analyses of mine and car samples of coal collected in the fiscal 
years 1911 to 1913, by A. C. Fieldner, H. I. Smith, A. H. Fay, and Samuel Sanford. 
1914. 444 pp., 2 figs. 

Bu.etin 119. Analyses of coals purchased by the Government during the fiscal 
years 1908-1915, by G. S. Pope. 1916. 118 pp. 

Butvetin 136. Deterioration in the heating value of coal during storage, by H. C. 
Porter and F. K. Ovitz. 1917. 38 pp., 7 pls. 

TecHNICAL Paper 2. The escape of gas from coal, by H. C. Porter and F. K. Ovitz. 
1911. 14 pp., 1 fig. 

TecHNICAL Paper 5. Constituents of coal soluble in phenol, by J. C. W. Frazer 
and E. J. Woffman. 1912. 20pp., 1 pl. 

TECHNICAL Parer 8. Methods of analyzing coal and coke, by F. M. Stanton and 
A.C. Fieldner. 1913. 42 pp., 12 figs. 

TecunicaL Parer 16. Deterioration and spontaneous heating of coal in storage, 
a preliminary report, by H. C. Porter and F. K. Ovitz. 1912. 14 pp. 

TecHnicat Parer 35. Weathering of the Pittsburgh coal bed at the experimental 
mine near Bruceton, Pa., by H. C. Porter and A. C. Fieldner. 1914. 35 pp., 14 figs. 

TecunicaL Parer 64. The determination of nitrogen in coal, a comparison of 
various modifications of the Kjeldahl method with the Dumas method, by A. C. 
Fieldner and (. A. Taylor, 1915. 25 pp., 5 figs. 

TECHNICAL Paper 76. Notes on the sampling and analysis of coal, by A. (. Fieldner. 
1914. 59 pp., 6 figs. 

TecHNICAL Paver 98. Effect of low-temperature oxidation on the hydrogen in 
coal and the change of weight of coal in drying, by S. H. Katz and H. C. Porter. 
1917. 16 pp., 2 figs. 

TecHNIcAL Parer 113. Some properties of the water in coal, by H. C. Porter and 
0. (C. Ralston. 1916. 30 pp., 3 figs. 

TecunicaL Paper 133. Directions for sampling coal for shipment or delivery, 
by G. 8. Pope. 1917. 15 pp., 1 pl. 

12 


Google 


PUBLICATIONS ON THE COMPOSITION OF COAL. 13 


TEcHNICAL Parer 140. The primary volatile products of the carbonization of 
coal; a sequel to Bulletin 1, The volatile matter of coal, by G. B. Taylor and H. C. 
Porter. 1916. 59 pp., 1 pl., 25 figs. 

TECHNICAL ParEr 148. The determination of moisture in coke, by A. C. Fieldner 
and W. A. Selvig. 1917. 13 pp. 

TrecHNICAL Paper 170. The diffusion of oxygen through stored coal, by 8S. H. 
Katz. 1917. 49 pp., 1 pl., 27 figs. 

TECHNICAL Parer 172. Effects of moisture on the spontaneous heating of stored 
coal, by 8S. H. Katz and H. C. Porter. 1917. 25 pp., 1 pl., 8 figs. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPERIN- 
TENDENT OF DOCUMENTS. 


Buttetin 1. The volatile matter of coal, by H. C. Porter and F. K. Ovitz. 1910. 
56 pp., 1 pl., 9 figs. 10 cents. 

BuLuetTin 11. The purchase of coal by the Government under specifications, 
with analyses of coal delivered for the fiscal year 1908-9, by G. S. Pope. 80 pp. 
10 cents. 

Bu.ietin 22. Analyses of coals in the United States, with descriptions of mine 
and field samples collected between July 1, 1904, and June 30, 1910, by N. W. Lord, 
with chapters by J. A. Holmes, F. M. Stanton, A. C. Fieldner, and Samuel Sanford. 
1912. Part I, Analyses, pp. 1-321; Part II, Descriptions of samples, pp. 321-1129. 
85 cents. 

BuLvetin 29. The effect of oxygen in coal, by David White. 80 pp., 3 pls. 20 
cents. 

Butuetin 38. The origin of coal, by David White and Reinhardt Thiessen, with 
a chapter on the formation of peat, by C. A. Davis. 1913. 390 pp., 54 pls. 80 cents. 

Bu.uetin 41. Government coal purchases under specifications, with analyses 
for the fiscal year 1909-10, by G. S. Pope, with a chapter on the fuel-inspection 
laboratory of the Bureau of Mines, by J. D. Davis. 1912. 97 pp., 3 pls., 9 figs. 15 
cents. 

Butietin 63. Sampling coal deliveries and types of Government specifications 
for the purchase of coal, by G. 8S. Pope. 1913. 68 pp., 4 pls., 3 figs. 10 cents. 

Buuvetin 116. Methods of sampling delivered coal, and specifications for the 
purchase of coal for the Government, by G. S. Pope. 1916. 64 pp., 5 pls., 2 figs. 
15 cents. 

TeEcHNICAL Paper 65. A study of the oxidation of coal, by H. C. Porter. 1914. 
30 pp., 12 figs. 5 cents. 

TECHNICAL Paper 93. Graphic studies of ultimate analyses of coals, by O. C. 
Ralston, with a preface by H. C. Porter. 1915. 41 pp., 3 pls., 6 figs. 10 cents. 


O 


Google settee 


